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© Cubic boron nitride sintered compact and method of preparing the same. 



© Disclosed herein is a method of preparing a 
cubic boron nitride sintered compact by adding a 
cubic boron nitride synthetic catalyst to atmospheric 
pressure type boron nitride. Simultaneously with 
such addition of the cubic boron nitride synthetic 
catalyst to the atmospheric pressure type boron 
nitride, 0.01 to 5.0 percent by weight of a hydroxide 
of an alkaline earth metal is added to the atmo- 
spheric pressure type boron nitride. Then, with ac- 
tion of the cubic boron nitride synthetic catalyst, high 
temperature/high pressure treatment is performed on 
the atmospheric pressure type boron nitride under a 
thermodynamically stable pressure condition for cu- 
bic boron nitride, thereby converting the atmospheric 
pressure type boron nitride to cubic boron nitride. 
The cubic boron nitride sintered compact thus ob- 
tained contains 0.01 to 5.0 percent by weight of an 
oxide of the alkaline earth metal only in triple points 
of cubic boron nitride grains. The cubic boron nitride 
grains are densely bonded with each other. 
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CUBIC BORON NITRIDE SINTERED COMPACT AND METHOD OF PREPARING THE SAME 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a cubic boron 
nitride sintered compact which is applied to a cut- 
ting tool, or a heat sink material for a semiconduc- 
tor laser or an LSI, for example, and a method of 
preparing the same. 



Description of the Background Art 

Cubic boron nitride (hereinafter 1 referred to as 
cBN) is generally employed as a material for a 
cutting tool, since the same is the hardest material 
next to diamond and has extremely stable thermal 
and chemical properties. Further, cBN is excellent 
in thermal conductivity after diamond, and expect- 
ed is application of cBN to a heat sink (radiation 
substrate) for a semiconductor laser or the like. 
However, it is extremely difficult to prepare a large- 
sized single crystal of cBN, and hence a sintered 
compact formed of cBN grains of several microm- 
eters is watched as a practicable material. 

Since it is extremely difficult to directly sinter 
cBN grains (powder) independently, a metal such 
as Al or Co, a carbide such as TiC, or a nitride 
such as TiN is generally employed as a binder for 
sintering the cBN grains. In a cBN sintered com- 
pact containing the aforementioned binder, how- 
ever, the binder defines a continuous phase among 
the cBN grains, and hence hardness and thermal 
conductivity of the sintered compact are so signifi- 
cantly reduced that it is difficult to sufficiently ef- 
fectuate excellent properties originally provided in 
cBN. 

Japanese Patent Laying-Open No. 54-33510 or 
Material Research Bulletin, Vol. 7 (1972), pp. 999 
to 1004 discloses a known method of preparing a 
cBN sintered compact containing no binder with a 
starting material of atmospheric pressure type BN 
(hexagonal boron nitride: hereinafter referred to as 
hBN) by directly converting hBN to cBN under 
superhigh pressure/temperature conditions of 6.5 
GPa and at least 1800°C and simultaneously sin- 
tering the same. However, such a method of pre- 
paring a cBN sintered compact by direct conver- 
sion requires extremely high pressure/high tem- 
perature conditions while the same is insufficient in 
reproducibility, to cause problems in industrial pro- 
duction. 

On the other hand, each of Japanese Patent 
Laying-Open Nos. 58-176179 and 59-57967 



(Japanese Patent Publication Nos. 59-5547 and 60- 
28782) discloses a method which can prepare a 
cBN sintered compact under relatively mild 
pressure/temperature conditions as compared with 
5 the aforementioned direct conversion method with 
excellent reproducibility. According to this method, 
a small quantity of alkaline earth metal boron 
nitride is added to or diffused/contained in hBN 
powder or a sintered compact thereof, which in turn 

w is treated under a thermodynamically stable pres- 
sure condition for hBN at a temperature exceeding 
1 350 ° C. This method is adapted to convert hBN to 
cBN with a catalyst of the talkaline earth metal 
boron nitride while bonding the cBN grains with 

is each other simultaneously with such conversion.' It 
is said that, according to this method, the material 
can be treated at a temperature exceeding 
1350°C, which is the eutectic temperature of the 
alkaline earth metal boron nitride and hBN, to ob- 

20 tain a strong sintered compact which is formed of 
only cBN grains of 3 to 10 um in unit grain 
diameter containing substantially no impurity. 

U. S. Patent No. 4,772,575 also discloses a 
method of preparing a cBN sintered compact using 

25 alkaline earth metal boron nitride as a catalyst. In 
the method disclosed in U. S. Patent No. 
4,772,575, a sintered compact of cubic boron 
nitride is made by adsorbing and/or diffusing 0.005 
to 1.000 percent by weight of water into a boron 

30 nitride compact containing alkaline earth metal bo- 
ron nitride as a catalyst. 

The inventor has experimentally prepared a 
cBN sintered compact by the aforementioned 
method using the alkaline earth metal boron nitride, 

35 to make a cutting test with the as-formed sintered 
compact. As the result, it has been recognized that 
the cBN sintered compact was so extremely worn 
by falling of cBN grains and transgranular rupture 
that no expected performance was attained. The 

40 maximum thermal conductivity of this cBN sintered 
compact was 6 w/cm 8 ° C, which was twice or three 
times excellent as compared with BeO (beryllium 
oxide) or AIN (aluminum nitride) generally em- 
ployed for a heat sink material. However, it has 

45 also been recognized that this cBN sintered com- 
pact was rather largely dispersed in thermal con- 
ductivity, which is the most important basic prop- 
erty of a heat sink material. 

In order to solve this problem, the inventor has 

so made deep study on the cBN sintered compact 
obtained by the aforementioned method, to recog- 
nize that unit grains forming the cBN sintered com- 
pact were irregular and this disadvantage was pro- 
moted as abnormal grain growth was increased. 
Such irregularity of the grains easily leads to falling 
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of the grains and transgranular rupture (cleavage), 
to reduce wear resistance and strength (toughness) 
of the sintered compact. Further, denseness of the 
sintered compact is deteriorated to increase 
phonon scattering at grain boundaries, whereby 
thermal conductivity is reduced. 

The aforementioned conventional method uses 
the alkaline earth metal boron nitride as a catalyst 
for converting hBN to cBN in a eutectic state with 
BN, and hence states of generation of cBN cores 
and following growth of cBN crystal grains are 
significantly varied with the dispersed state of the 
catalyst, the treatment temperature and fine pres- 
sure variation. According to this method, therefore, 
partial abnormal grain growth of cBN grains easily 
takes place and hence it is extremely difficult to 
control configurations and sizes of the grains, 
■cl: 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a cBN sintered compact having a dense and homo- 
: geneous structure, which is suitable for a material 
for a cutting tool or a heat sink, by controlling the 
sizes and configurations of cBN grains. 

The inventive method of preparing a cBN sin- 
tered compact comprises the steps of: 

(1) adding a cBN synthetic catalyst to atmo- 
spheric pressure type boron nitride (normal 
hBN) and further adding 0.01 to 5.0 percent by 
weight of a hydroxide of an alkaline earth metal 
to the raw material; of the atmospheric pressure 
type boron nitride; 'and 

(2) performing high temperature/high pressure 
treatment on the raw material under a ther- 
modynamically stable pressure condition for 
cBN at a temperature exceeding a level capable 
of converting the atmospheric pressure type bo- 
ron nitride to cBN with action of the cBN syn- 
thetic catalyst. 

The as-formed cBN sintered compact contains 
0.01 to 5.0 percent by weight of an oxide of the 
alkaline earth metal, and cBN grains are densely 
bonded with each other. The inventive cBN sin- 
tered compact is particularly characterized in that 
the oxide of the alkaline earth metal is interspersed 
among triple points of the cBN grains. 

The atmospheric pressure type boron nitride, 
serving as a raw material, is generally prepared 
from hBN, while rhombohedral boron nitride (rBN), 
amorphous boron nitride (aBN) or pyrolytic boron 
nitride (pBN) is also employable. Purity of such a 
raw material must be as high as possible, while the 
content of B2O3, in particular, is preferably not 
more than 0.3 percent by weight, so that the same 
will not prevent conversion of hBN to cBN. 

The cBN synthetic catalyst may be prepared 



from a well-known material, preferably from an 
alkaline metal boron nitride or an alkaline earth 
metal boron nitride or an alkaline earth metal. The 
content of the catalyst is within a range of 0.01 to 

5 5.0 mole percent with respect to the raw material of 
atmospheric pressure type boron nitride. If the con- 
tent of the catalyst is not more than 0.01 mole 
percent, conversion of hBN to cBN is not suffi- 
ciently promoted. If the content exceeds 5.0 mole 

70 percent, on the other hand, a large quantity of the 
catalyst is left in the cBN sintered body to ex- 
tremely reduce mechanical properties y and thermal 
conductivity of the cBN sintered compact. 

A hydroxide (Me(OH) 2 ) of an alkaline earth 

75 metal such as Mg(OH) 2 or Ca(0H) 2 , for example, is 
added in order to suppress abnormal grain growth 
of cBN. The content of such an admixture is within 
a range of 0.01 to 5.0 ; percent by weight with 
respect to the raw material of atmospheric pressure 

20 type boron nitride. A sufficient effect cannot be 
attained if the content of the admixture is not more 
than 0.01 percent by weight, while a large quantity 
of oxide of the alkaline earth metal such as MgO or 
CaO, for example, is left in the cBN sintered com- 

25 pact if the content exceeds 5.0 percent by weight, 
to reduce mechanical performance and thermal 
conductivity of the cBN sintered body. 

The aforementioned atmospheric pressure type 
boron nitride mixed with the cBN synthetic catalyst 

30 and the hydroxide of the alkaline earth metal is 
treated with a high temperature/high pressure gen- 
erator under a thermodynamically stable pressure 
condition for cBN at a temperature exceeding a 
level capable of converting the atmospheric pres- 

35 sure type boron nitride to cBN with action of the 
cBN synthetic catalyst, such as a temperature ex- 
ceeding 1350*C if the cBN synthetic catalyst is 
prepared from magnesium boron nitride, for exam- 
ple. Fig. 1 is a graph showing an hBN-cBN thermal 

40 equilibrium curve. Referring to Fig. 1 , a cBN stable 
region appears above a line 1 and an hBN stable 
region appears under the line 1, while numeral 2 
denotes a eutectic line of the magnesium boron 
nitride and boron nitride (BN). In this case, there- 

45 fore, treatment is performed in a region A shown in 
Fig. 1 at a temperature exceeding 1350* C. 

Upon the aforementioned treatment, the atmo- 
spheric pressure type boron nitride is converted to 
cubic boron nitride (cBN) simultaneously with sin- 

50 tering of cBN grains. At this time, the alkaline earth 
metal hydroxide (Me(OH)2, Me: alkaline earth met- 
als added to the raw material is decomposed into 
an oxide (MeO) of the alkaline earth metal. The 
generated MeO blocks floating of eutectic materials 

55 to suppress abnormal grain growth of cBN. Further, 
the generated MeO is not left in boundaries be- 
tween cBN grains but interspersed among triple 
points. In the as-formed cBN sintered compact, 
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therefore, all cBN grains are continuously bonded 
with each other so that characteristics such as 
hardness and thermal conductivity are not influ- 
enced by the residual MeO. Further, the cBN sin- 
tered compact is dense with uniform grain diam- 
eters. 

As hereinabove described in detail, the present 
invention is adapted to obtain a cBN sintered com- 
pact by adding a cBN synthetic catalyst and a 
hydroxide of an alkaline earth metal to atmospheric 
pressure type boron nitride and treating the same 
under high pressure/high temperature conditions. 
According to the present invention, it is possible to 
obtain a cBN sintered compact which has a dense 
and homogeneous structure with strongly bonded 
cBN grains by simply adding the hydroxide of the 
alkaline earth metal to the raw material dissimilarly 
to the conventional methods. The as-formed cBN 
sintered compact, which has mechanical properties 
superior to those of conventional ones, can be 
applied to a cutting tool and the like. Further, the 
cBN sintered compact has such high thermal con- 
ductivity that the same is optimum as a heat sink 
material. Thus, the present invention has great ef- 
fects as a cBN sintered compact and a method of 
preparing the same. 

These and other objects, features, aspects and 
advantages of the present invention will become 
more apparent from the following detailed descrip- 
tion of the present invention when taken in conjunc- 
tion with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a graph showing temperature-pressure 
equilibrium in the case of employing magnesium 
boronitride as a cBN synthetic catalyst, for illustrat- 
ing a region capable of preparing a cBN sintered 
compact according to the present invention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



Example 1 

Powder of hBN containing 0.2 percent by 
weight of B2O3, powder of magnesium boron 
nitride (MgaBNa) and magnesium hydroxide (Mg- 
(OH) 2 ) were sufficiently mixed in nitrogen gas in 
the ratios 95.5:4:0.5 in weight percentage. In this 
case, the content of magnesium boron nitride with 
respect to hBN was about 1 mole percent. 

This mixture was embossed, subjected to high 
pressure/high temperature treatment with a girdle 
type high temperature/high pressure generator un- 



der pressure and temperature conditions of 5.5 
GPa and 1500° C, and then quenched to take out 
the product. 

The as-formed sample was a strong gray sin- 

5 tered compact. It was proved by X-ray diffraction 
that this sample was a cBN sintered compact, 
while a small quantity of MgO and an extremely 
trace quantity of Mg3BN 3 high-pressure phase 
were detected. The surface of this cBN sintered 

70 compact was observed with a scanner type elec- 
tron microscope (SEM), to recognize that cBN 
grains having relatively uniform grain diameters of 
5 to 8 urn were continuously bonded in a dense 
structure. The compact was further observed with a 

75 transmission type electron microscope (TEM), to 
recognize that MgO was interspersed among only 
triple points of the cBN grains. 

Thermal conductivity and Vickers hardness of 
the aforementioned sintered compact were mea- 

20 sured at the room temperature, to recognize high 
values of 6.5 w/cm p °C and 6000 to 6500 kg/mm 2 
respectively. 

For the purpose of comparison, 1 mole percent 
of Mg 3 BN3 powder was added to hBN powder, and 

25 the mixture was subjected to high temperature/high 
pressure treatment under the same conditions as 
above with no addition of Mg(OH) 2 , to prepare a , 
cBN sintered compact. The structure of this cBNr- 
sintered compact was observed with a scanner 

30 type electron microscope (SEM), to recognize that 
the ci3N grains had rather irregular grain diameters 
of 3 to 10 urn although the grains were bonded 
with each other, while coarse grains having diam- 
eters of 20 to 30 urn were partially observed. 

35 Thermal conductivity and Vickers hardness of this 
sample were 5.3 w/cm w °C and 5000 to 6500 
kg/mm 2 respectively. These values were dispersed 
low as compared with the inventive sample. 

40 

Example 2 

Similarly to Example 1, 1 mole percent of 
Mg3BN3 and 1.2 percent by weight of Mg(OH>2 

45 were added to hBN powder, and this mixture was 
subjected to high pressure/high temperature treat- 
ment for 30 minutes under pressure and tempera- 
ture conditions of 5.0 GPa and 1400° C, to obtain a 
sintered compact. 

50 This sintered compact had an extremely dense 

and homogeneous structure, which was formed of 
fine cBN grains of about 1 fim in diameter. Al- 
though this sintered compact exhibited rather low 
thermal conductivity of 4.5 w/cm 0 * C, its Vickers 

55 hardness was at a high value of 6500 kg/mm 2 . This 
sintered compact was cut with a laser, to produce a 
cutting tool. 

For the purpose of comparison, a cutting tool 
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of the same configuration was produced by a com- 
mercially available cBN sintered compact (bonded 
member) which was prepared by bonding cBN 
grains of 3 ixm in mean grain size with a binder 
mainly formed of TiN. This cBN sintered compact 
contained about 30 percent by volume of the bind- 
er. 

The aforementioned cutting tools were sub- 
jected to a cutting test of cutting members of gray 
cast iron (F25) under conditions of a cutting speed 
of 500 m/min., depth of cut of 0.2 mm, and a feed 
rate of 0.1 mm/rev. 

The former cutting tool produced by the inven- 
tive sintered compact was capable of performing 
cutting for 40 minutes before a wear width at its tip 
flank reached 0.1 mm. In the latter cutting tool 
produced by the commercially available sintered 
compact, on the other hand, the flank wear width 
reached 0.1 mm upon cutting for about 15 minutes. 



Example 3 

Similarly to Example 1, 1.2 mole percent of 
calcium boron nitride and 1.0 percent by weight of 
Ca(OH) 2 were added to hBN powder, and the mix- 
ture was subjected to high pressure/high tempera- 
ture treatment for 30 minutes under pressure and 
temperature conditions of 5.5 GPa and 1450° C. 

The as-formed cBN sintered compact exhibited 
regular unit grain diameters of 5 to 8 mm, and the 
cBN grains were strongly bonded with each other. 
Further, CaO was homogeneously interspersed 
among triple points of the cBN grains. This sin- 
tered compact had high thermal conductivity and 
Vickers hardness of 6.0 w/cm ° * C and 5000 to 
6500 kg/mm 2 respectively. 

For the purpose of comparison, a cBN sintered 
compact was prepared under the same conditions 
as above with no addition of Ca(OH>2. This cBN 
sintered compact exhibited irregular grain diam- 
eters of 5 to 30 um and fine cracks were partially 
observed in the sintered compact, while thermal 
conductivity and hardness were so inferior that the 
same were not worth measuring. 

Although the present invention has been de- 
scribed and illustrated in detail, it is clearly under- 
stood that the same is by way of illustration and 
example only and is not to be taken by way of 
limitation, the spirit and scope of the present inven- 
tion being limited only by the terms of the appen- 
ded claims. 



Claims 

1 . A cubic boron nitride sintered compact obtained 
by adding a synthetic catalyst of cubic boron 



nitride to atmospheric pressure type boron nitride 
and performing high temperature/high pressure 
treatment on the mixture, said cubic boron nitride 
sintered compact containing 0.01 to 5.0 percent by 
5 weight of an oxide of an alkaline earth metal and 
being formed of cubic boron nitride grains densely 
bonded with each other. 

2. A cubic boron nitride sintered compact in accor- 
dance with claim 1 , wherein 

10 said oxide of said alkaline earth metal is discontinu- 
ously interspersed within a matrix of said cubic 
boron nitride grains in said cubic boron nitride 
sintered compact. 

3. A cubic boron nitride sintered compact in accor- 
75 dance with claim 1 , wherein 

said oxide of said alkaline earth metal is present 
only in triple points of said cubic boron nitride 
grains. 

4. A cubic boron nitride sintered compact in accor- 
20 dance with claim 1, wherein 

said atmospheric pressure type boron nitride is 
hexagonal cubic boron nitride containing not more 
than 0.3 percent by weight of B2O3, 
said cubic boron nitride synthetic catalyst is an 
25 alkaline metal boron nitride or an alkaline earth 
metal boron nitride, and 

the quantity of said cubic boron nitride synthetic 
catalyst with respect to said atmospheric pressure 
type boron nitride is within a range of 0.01 to 5.0 
30 mole percent 

5. A cubic boron nitride sintered compact in accor- 
dance with claim 1 , wherein 

grain diameters of said cubic boron nitride grains 
are not more than 8 um and difference between 
35 the maximum and minimum grain diameters is not 
more than 3 um, 

thermal conductivity of said cubic boron nitride 
sintered compact is within a range of 4.5 to 6.5 
w/cm* ° C, and 
40 Vickers hardness of said cubic boron nitride sin- 
tered compact is within a range of 5000 to 6500 
kg/mm 2 . 

6. A cubic boron nitride sintered compact obtained 
by adding a cubic boron nitride synthetic catalyst 

45 to atmospheric pressure type boron nitride and 
performing high temperature/high pressure treat- 
ment on the mixture, 

said cubic boron nitride sintered compact contain- 
ing 0.01 to 5.0 percent by weight of an oxide of an 
50 alkaline earth metal in only triple points of cubic 
boron nitride grains, 

grain diameters of said cubic boron nitride grains 
being not more than 8 um, with difference between 
maximum and minimum grain diameters being not 
55 more than 3 um. 

7. A method of preparing a cubic boron nitride 
sintered compact by adding a cubic boron nitride 
synthetic catalyst to atmospheric pressure type bo- 
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ron nitride, said method comprising the steps of: 
adding said cubic boron nitride synthetic catalyst 
and 0.01 to 5.0 percent by weight of a hydroxide of 
an alkaline earth metal to said atmospheric pres- 
sure type boron nitride; and 5 
performing high pressure/high temperature treat- 
ment on the mixture under a thermodynamically 
stable pressure condition for cubic boron nitride at 
a temperature exceeding a level capable of con- 
verting said atmospheric pressure type boron 10 
nitride to cubic boron nitride with action of said 
cubic boron nitride synthetic catalyst. 

8. A method of preparing a cubic boron nitride 
sintered compact in accordance with claim 7, 
wherein 15 
said synthetic catalyst is prepared from an alkaline 
metal boron nitride or an alkaline earth metal boron 
nitride and added to said atmospheric pressure 
type boron nitride in a quantity within a range of 

0.01 to 5.0 mole percent. 20 

9. A method of preparing a cubic boron nitride 
sintered compact in accordance with claim 7, 
wherein a magnesium boron nitride or a calcium 
boron nitride is employed as said synthetic catalyst 

and Mg(OH) 2 or Ca(OH) 2 is employed as said 25 
hydroxide of said alkaline earth metal. 

10. A method of preparing a cubic boron nitride 
sintered body, comprisihg the steps of: 

adding an alkaline metal boron nitride or an alkaline 
earth metal boron nitride to atmospheric pressure 30 
type boron nitride containing not more than 0.3 
percent by weight of B2O3 in a quantity within a 
range of 0.01 to 5.0 mofe percent with respect to 
said atmospheric pressure type boron nitride; 
adding a hydroxide of an alkaline earth metal to 35 
said atmospheric pressure type boron nitride in a 
quantity within a range of 0.01 to 5.0 percent by 
weight with respect to said atmospheric pressure 
type boron nitride; and 

performing high temperature/high pressure treat- 40 
ment on said atmospheric pressure type boron 
nitride with catalytic action of said alkaline metal 
boron nitride or said alkaline earth metal boron 
nitride under a thermodynamically stable pressure 
condition for cubic boron nitride, thereby convert- 45 
ing said atmospheric pressure type boron nitride to 
cubic boron nitride. 
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